Iron binding effects on the kinetic stability and unfolding energetics of a thermophilic phenylalanine hydroxylase from Chloroflexus aurantiacus.
The effects of non-heme iron binding on the function, structure, and stability of a monomeric phenylalanine hydroxylase from the thermophile Chloroflexus aurantiacus (caPAH) were investigated. Comparative studies on holo (iron-bound) and apo (iron-depleted) caPAH indicated that iron(II) binding does not significantly affect the overall structure of the enzyme. Thermal denaturation studies performed using differential scanning calorimetry showed that the unfolding reaction was kinetically controlled and that holo-caPAH displayed a large increase in thermal stability (approximately 15 degrees C upshift in the T (m) value) compared with the apoenzyme. Analysis using a simple irreversible two-state model also showed a higher kinetic stability for holo-caPAH at optimal growth temperature (denaturing approximately 8 times more slowly than the apo form at 55 degrees C). Experiments performed in the presence of urea in combination with structure-energetics calculations suggest that iron binding reduces the change in accessible surface area exposed in the unfolding transition state (from approximately 36% to approximately 5% of the total change in accessible surface area) and also the surface involved in water-unsatisfied broken internal contacts (solvation barriers). Additional comparative analyses using phenylalanine hydroxylase from mesophilic and psychrophilic organisms suggest that, in addition to its catalytic role, the non-heme iron serves to enhance the kinetic stability of phenylalanine hydroxylase at the optimal growth temperature of the organism.